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Sennar Sugar FactoryAbstract The rehabilitation works carried out in the Sennar sugarcane factory in Sudan, improved
the rates of milling accompanied by the horizontal and vertical expansions of the farm compelled
Sennar factory to go for mechanical harvesting to solve the problem of labor shortage. The aim of
this paper is to evaluate the current sugarcane manual and mechanical harvesting systems with
regard to production efﬁciency, cost effectiveness, cane loading efﬁciency, inﬁeld losses, and the
effect of trash (extraneous matter) in factory process. Different experiments were conducted to com-
pare and contrast between the two harvesting systems. The results revealed that manual harvesting
(8.98 SDG/ton) is more expensive than mechanical harvesting (4.9.5 SDG/ton); the wages for the
cane cutting labor represent 74.14% of the total cutting cost, 46% of the total manual harvesting
cost, and 18.9% of the total harvesting cost. Inﬁeld cane losses represent 4.72% and 4.22% of the
actual yield for the manual harvesting and mechanical harvesting systems, respectively. Moreover,
the results showed a signiﬁcant difference between the two harvesting systems with regard to the
cane weight/trailer (ton/trailer) and trash percent. On average the cane weight (ton/trailer) is 6.88
for manual harvesting and 10.12 for mechanical harvesting. The trash percent is only 3.66% for
manually harvested cane while it reached 9.49 for the mechanically harvested cane. A 1% increase
in trash will lead to decrease in sugar recovery by 0.1%. It could recommended that Sennar Sugar
Factory as well as other sugar factories in Sudan could go for increasing the mechanical harvesting
Table 1 Capacity of Sudanese Sug
Factory Startup date
Guneid 1962
New–Halfa 1964
Sennar 1976
Assalaya 1980
Kenana 1981
Source: – Sudanese Sugar Company K
An assessment of mechanical vs manual harvesting of the sugarcane 161system and reducing the manual harvesting to less than 10% of the total area. The specialized cane
cutter labors should be employed in other agricultural operations during the off-season to insure
their availability at the start of the season. A further research is needed to reduce the inﬁeld cane
losses and trash percent and to determine their effect on cane quality and factory performance
for the two harvesting systems.
ª 2013 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Prior to the secession of the South Sudan, agriculture repre-
sents the main sector of the economy in Sudan. It contributes
over 30% of the national gross product and more than 95% of
the foreign trade (Bank of Sudan, 2010). In actual fact agricul-
ture provides a living for more than 50% of the population.
Future economic development is also based on agriculture, be-
cause out of 84 million hectares of cultivable land only 15% is
under cultivation. According to Mohammed (2011) the seces-
sion of Southern Sudan has deprived the country of 25% of
its total area, 24% of population, over 80% of its oil income.
Moreover, it has separated with 75% of it vegetation cover and
30% of potential arable land. In addition, Sudan stands to tol-
erate at least 25% of its water resources. Economic situation
precarious with the Darfur rebellions, the inception of South-
ern Kordofan’s region civil strives and the inﬂamed complaints
in its Blue Nile region. That resulted besides deprivation of oil
revenues and other potentials to increased cost of national
security and expenditures on additional revenues to meet such
funds for securing peace (Mohammed, 2011).
Under these adverse economic conditions, the sugar indus-
try in Sudan is well established with proven track records on
production efﬁciencies and technological advancements.
Since the establishment of the ﬁrst sugar factory in 1962;
the domestic sugar industry has sustained steady growth and
expansion. In addition to progressing on the knowledge and
expertise accumulated over its 50 years history, the Sudan
sugar industry is also advancing amid global technological
developments in the ﬁelds of bio-energy: cogeneration and
ethanol (Federal Ministry of Agriculture, 2010).
Sugar is considered as one of the major strategic commod-
ities in the country, sugar production started for the ﬁrst time
in Gunied (1962–1963). Later other sugar factories came into
operation at New-Halfa (1965–1966), North West Sennar
(1976–1977), Assalaya (1980–1981), Kenana (1980–1981),
and ﬁnally White Nile Sugar Company (2004). Table 1 shows
the capacities of Sudanese Sugar Factories.
In the last ten years the Sudanese Sugar Company (SSC)
had witnessed a steady increase in sugarcane and sugar pro-ar Factories.
Design capacity
ton sugar/year
Total a
Fadda
60.000 40.000
75.000 40.000
110.000 38.000
110.000 44.000
330.000 94.000
hartoum (2006) and Federal Miniduction. The horizontal and vertical expansion in sugar cane
production accompanied by the good performance in the fac-
tories due to the rehabilitation work carried out during these
years gave remarkable ﬁgures: (1) area under cane horizontally
increased from 70,000 to 81,200 Faddan; (2) cane yield per
Faddan increased from 29 to 44.6 tons; (3) the crushing capac-
ity per day increased from 8876 tons per day to approximately
20,000 tons of cane per day; (4) the total sugar production in-
creased from 175,000 to 327,000 tons of sugar per year and (5)
factory time efﬁciency increased and the downtime i.e. time
lost for the milling plant decreased from 40% to less than 15%.
All these points reﬂect the need to improve harvest practices
such as cutting windrowing, loading and haulage to improve
delivery of cane from ﬁelds to the factory at the right time.
Evidence and lessons from Latin America (Ella, 2012) brief
illustrated and summarized the advantages and disadvantages
of switching from manual to mechanized sugarcane harvesting
in Brazil. The brief showed that pre-harvest burning of sugar-
cane leaves is a common practice that enables manual pickers
to collect the crop quickly, suffering less personal injury. The
burning process, however, has negative impacts on the envi-
ronment, on human health and on the potential energy value
of the plant. On the other hand mechanization eliminates the
need for burning, speeding up the collection process, eliminat-
ing harmful emissions from smoke, reducing crop wastage and
thus increasing productivity in terms of energy generation.
Electricity generated from sugarcane biomass can also be sold
to the grid, increasing both producers’ income and the national
energy supply.
Table 2 indicates clearly the effect of the rehabilitation
work and the renewal of the equipment carried out in Sennar
by Sudanese Sugar Company from year 1993 onwards and till
now the follow up is going on which leads to improvement
year after year.
This improvement in performance and the increase in the
rate of crushing made the harvesting and transportation of
sugarcane to the factory an important factor for the success
of the season.
Sudanese Sugar Company in the last ten years incurred a
high cost in harvesting to attract the labor, the price per unitrea
n
Designed crushing
capacity ton cane/day
Highest actual
production (ton sugar/year
4.000 94,171
5.000 87,759
6.500 92,038
6.500 97,500
17.000 427,895
stry of Agriculture, Investment Development Agency (2010).
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still the labor shortage occurs at the time of the peak sugar
content (October–November). This could attribute to the acute
competition between sorghum and sesame harvesting and sug-
arcane harvesting on the available labor force taking into con-
sideration that cutting sugarcane is a physical exhausting task
that demands a high level of muscular strength and resistance,
vigorous men take this job under stressful conditions and use
their force to the level of exhaustion as they are paid by pro-
duction, not by earning ﬁxed wages. Due to this tough nature
of work most of the labor prefers working in other crops rather
in sugarcane ﬁelds.
The problem of labor shortage lead to introduction of
mechanical cane harvesting to overcome the scarcity of labor
and to control the rising labor wages since late 1980 during
the period of labor unavailability.
Sudanese Sugar Company introduced mechanical harvester
properly to cover about 30–40% of the total area under har-
vest in each season since the year 2000, the uncertainty of
the constant daily cane supply associated with manual cane
cutting was the reason behind the increase of the mechanically
harvested area.
As a result of comprehensive peace agreement (CPA) and
ﬁnally the secession of the South Sudan in July, 2011 and
anticipation of funds from donors to develop war affected
areas in Kordofan and Darfor, besides the developing oil
industry in various parts of Sudan affected the labor market
and it is expected that this environment may encourage many
of the labors to return home or some of them may seek other
jobs better than cane cutting especially with the vertical expan-
sion in sugarcane yields in all factories which make the manual
cane harvesting (hand cutting) more difﬁcult for them.
In Brazil, sugarcane can be harvested manually or mechan-
ically. Almost all manually harvested sugarcane ﬁelds are
burned before manual harvesting to reduce harvesting costs
and labor (Jeongwoo et al., 2012). He added that, on the other
hand, mechanically harvested sugarcane ﬁelds can be either
burned or unburned. According to Macedo et al. (2008) and
Seabra et al. (2011), the fraction of mechanically-harvested
ﬁelds that are unburned is rising along with the total share
of ﬁelds that are unburned and it is expected that all mechan-
ically harvested ﬁelds will be unburned in the near future.
To overcome the problem of labor shortage Sudanese Su-
gar Company started to increase the mechanically harvested
area. Hence the present paper aimed at analyzing sugarcane
harvesting systems namely hand cut and the mechanical load-Table 2 Production data improvement in Sennar due to rehabilitat
Season 1993/1
1 Season days 226
2 Area harvested (Fed.) 19,421
3 Cane crushed (tons) 528,766
4 Sugar produced (tons) 41,835
5 Average yield per Faddan 27.23
6 Average sugar tons per fed 2.15
7 Crushing rate tons per/day 2339.67
8 Sugar recovery % 7.42
9 Sugar losses % 4.74
10 Down time (time lost) % 49.01
Sources: – Sennar Sugar Factory (2007) and Sudanese Sugar Company (ing vs mechanical harvest (cut and load mechanically), with re-
gard to productivity, cost effectiveness, cane loading tonnage,
cane losses and trash percent in Sennar sugarcane factory.2. Material and methods
2.1. Study area
The North West Sennar sugar scheme is located between
13o20 and 13o550 latitude north and 33o210 and 33o340 longi-
tude east. The elevation is 424–432 m above sea level,
280 km south of Khartoum at the left bank of the Blue Nile
River. The area of the estate is 39,000 Faddan it is long and
narrow in shape approximately 7 km · 40 km and the fac-
tory is centrally located within the estate. The relatively long
hauling distances for a plantation of this size means that
more equipment will be required to transport the cane than
would be required for a more compact scheme of similar
size e.g. Assalaya.
Sennar is located in the hot semi-arid zone of central Su-
dan, rains occur mainly in the period from June to October.
The annual rainfall is between 450 and 500 mm the maximum
temperature is high above 32 C throughout the year, peak oc-
curs in the period March through May with mean monthly
maximum above 39 C, mean monthly minimum during the
cooler season from November to February is between 15 and
20 C. The relative humidity at noon is low; the annual average
is 29%. Irrigation water for Sennar Sugar Factory is provided
from Eredieba pump station which takes water from the Blue
Nile (15 km up stream Sennar Dam) through an inlet channel
of 20 m bed width and 600 m length.
2.2. Methodology
In the present paper both primary and secondary data were
used. Primary data are obtained through personal communica-
tion, direct observation and discussion conducted formally and
informally with the different departments in Sennar Sugar
Factory. Moreover practical experiments had been carried
out to compare the two harvesting systems.
2.2.1. Losses determination
Cane losses categories are considered to be constituted of the
following elements: (1) losses due to high cutting (stubble);ion.
994 Season 2001/2002 Season 2006/2007
194 175
23,197 22,848
802,022 941,282
78188.5 92,038
34.57 41.2
3.37 4.03
4134.13 5368
9.58 9.78
2.55 2.65
25.55 11.67
2000-2006).
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low-topping losses.
2.2.2. In ﬁeld cane losses
Determination of inﬁeld losses is associated with manual cut-
ting and mechanical loading of whole stalk cane and a
mechanical cutting and loading of chopped cane at Sennar
farm. The experiment was conducted in different ﬁeld loca-
tions. A total area of approximately 1600 Faddan was used
as an experimental unit. After mechanical loading or harvest-
ing was completed each section was gleaned by the harvesting
crew, then cane losses sampling was carried out.
The inﬁeld losses carried as follow:
1. The area of the sampling unit was taken to be 0.02%
from the total area that was completely gleaned, then
converted to meter square. The size of the plot will
be determined based on the number of the section
within the area under question.
2. The ﬁrst sampling plot was made by leaving the ﬁrst
20 m from the ﬁeld top and ten rows at each end.
The cane left in each plot was carefully gleaned and
weighed using a 5 kg spring balance. A total of four
replicate per treatment was made.
3. 30 samples were randomly taken within the experimen-
tal units for each mechanical and manual harvesting
system.
2.2.3. Cane loading tonnage
Cane loading in Sennar Sugar Factory was mainly carried out
by grab loader (whole stalk cane), and harvester (chopped
cane). For both systems the cut cane loaded into trailers
shunted by tractors is to be transported outside the ﬁeld. To
determine the average weight of cane loaded into trailer, a ran-
dom sample of trailers has been taken for both systems (100
samples) and weighted empty and reweighed after loading.
2.2.4. Trash determination
The determination of the extraneous matter in supplied cane
samples was collected manually at random from cane yard.
The whole sample was weighed then the trash was peeled to
get trash percentage for manual harvesting.
On the other hand trash percent for mechanically harvested
cane was estimated as follow: A sample of around 15 kg from
trailer was taken and weighed (W1). Then clean the sample
from trashes, mud and roots then weighed the clean cane
(W2). Then calculate the trash percentTable 3 Cane cutting labor output (Season 2006/2007).
Month Number of labor Total ou
November 9620 42302.54
December 12,868 56909.76
January 13,318 42076.62
February 13,977 38763.56
March 16,585 45958.16
April 12,485 35085.77
Total per season 78,853 261096.4
Mean 456 1509Trash % ¼ W1W2
W1
 
 100
 
ð1Þ
Moreover secondary data were collected from Sudanese Sugar
Company, Sennar Sugar Factory and other relevant institu-
tions. Finally the emerging primary and secondary data were
analyzed statistically using SPSS program and the results were
discussed and interpreted.
2.2.5. Harvesting cost
The harvesting costs in SDG/ton and SDG/Faddan for both
harvesting system were calculated.
3. Results and discussion
3.1. Harvesting system productivity
The productivity for manual and mechanical harvesting sys-
tems adopted in Sennar Sugar Factory was estimated and
discussed.
3.1.1. Manual harvesting
Table 3 shows sugarcane manual harvesting productivity per
unit land (Tons/Faddan) and labor (ton/man/day). The ton-
nage harvested or cut per labor varies depending upon the ton-
nage of sugarcane in the ﬁeld, as the tonnage of sugar cane in
the ﬁeld increase the tons of cane cut per man-day decrease.
These results indicated that the cutting labor speed increases
with the decrease of cane density and cane recumbence. The
cane cutting labor output per day in this study was found with
an average of 3.31 tons (Table 3) compared with the previous
ﬁve season 4.93, 4.89, 4.54, 4.92 and 4.69 ton/man/day for sea-
son 2001/2002, 2002/2003, 2003/2004, 2004/2005 and 2005/
2006, respectively. It was clear that labor output/man-day
was lower than that of the other ﬁve seasons (2001–2007). This
is mainly due to increasing area under mechanical harvesting
and restricted area with lower yield or crop density for manual
cuts.
The manually harvested cane will be mechanically loaded.
Table 4 shows the performance of loaders in terms of total out-
put, tons per hour, total fuel consumption during the season
for each loader and fuel use expressed in terms of gal/h and
gal/ton. The estimated performance rate was 30 ton/h as re-
ported by Sennar workshop department while the average per-
formance rate per hour in this study was found to be 12.01 ton/
h. That means loaders performed only 40% from its estimated
rate per hour, also loaders utilization percent throughout the
season (173 day) was found 66.5%. This lower efﬁciency oftput tons Tons/man-day Yield ton/fed
4.39 50.6
4.42 43.77
3.15 43.55
2.77 40.22
2.74 31.30
2.81 31.75
1 – –
3.31 39.29
Table 4 Sugarcane loaders (Cameco) productivity and performance (Season 2006/2007).
Loader number Output ton/season Total working hours Fuel consumption gallon/season Ton/h Gal/h Gal/ton
30 6841.91 1205 682 10.03 0.56 0.099
31 33728.67 2646 4020 12.74 1.51 0.119
32 25817.91 2469 3125 10.45 1.26 0.121
33 16334.08 1129 1253 14.46 1.10 0.076
34 10046.10 1084 1388 9.62 1.28 0.138
35 33396.04 3046 3487 10.96 1.14 0.104
36 49424.71 3396 4051 14.55 1.19 0.081
37 35980.63 3140 2395 11.45 0.76 0.066
39 49526.36 3618 4767 13.68 1.31 0.096
Total 261096.41 21,733 25,168
Average 12 1.16 0.096
Table 5 Harvester group productivity and performance (2006/2007).
Harvester No.
and type
Output/
season ton
Actual working
days
Actual working
hours
Ton/
day
Ton/
h
Fuel gal/
season
Gal/
h
Gal/
ton
25-Austoft 73,375 159 2624 461.47 27.96 19,208 7.32 0.26
26-Austoft 17,171 62 752 267.94 22.83 5504 7.33 0.32
27-Austoft 9562 21 431 455.33 22.18 3155 7.32 0.33
28-Austoft 26,717 57 956 468.71 27.95 6998 7.32 0.26
29-Austoft 90,715 170 3244 533.61 27.96 23,746 7.31 0.26
30-Austoft 93,547 169 3345 553.53 27.97 234,485 7.31 0.26
31-Austoft 83,438 133 2984 627.35 27.96 21,843 7.32 0.26
32-Austoft 109,812 176 3927 623.93 27.96 28,746 7.32 0.26
Sub-total 504,337 947 18,263 532.56 27.61 133,685 7.32 0.27
33-Cameco 83,698 136 2286 615.43 36.61 14,173 6.20 0.17
34-Cameco 92,149 136 2515 677.57 36.64 15,593 6.20 0.17
Sub-total 175,848 272 4801 646.50 36.62 29,766 6.20 0.17
Total 680,185 1219 23,064 557.98 29.49 163,451 7.08 0.24
164 A.E. Ahmed, A.O.M. Alam-Eldinall loaders was due to the fact that most loaders are at the end
of their estimated life span (10 year).
3.1.2. Mechanical harvesting output
Table 5 illustrates the total output of harvesters during the sea-
son 2006/2007, actual working days and hours and total fuel
consumed. Table 5 shows the performance rate per unit time,
ton/h, gal/h and gal/ton. There are two types of harvesters
working in Sennar Austoft and Cameco harvesters, the two
harvesters vary on their output and performance rate and so
fuel consumption.
The Austoft harvester represents the majority and its par-
ticipation in total tonnage crushed was 74.2% while Cameco
harvester was 25.8%. The average performance rate (ton/h)
for both types was 27.61 ton/h for Austoft harvester and
36.62 ton/h for Cameco harvester , while their fuel use in
gal/h and gal/ton was 7.32 gal/h (Austoft), 6.2 gal/h (Cameco)
and 0.27 gal/ton (Austoft), 0.17 gal/ton (Camceo).
3.2. Cost determination
3.2.1. Manual harvesting cost
It composed of manual cutting and mechanical loading cost.
The cost elements of the manual cane cutting include: labor
collection and transport; cane cutting labor wages; cutting
knife and ﬁle; accommodation; medicine and incentives. The
average labor cost/man/day was found to be 18.47 SDG of
which 74% (13.699 SDG) for cane cutting labor wage.When comparing the per day labor cost in present paper
with the last four seasons which is only 11.5 SDG/man/day
for the season 2001/02 and peaked to 18.5 SDG in 2006/07.
This increasing trend in cost compels the Sennar Sugar Fac-
tory to go for mechanical harvesting against manual harvest-
ing. As a result the percentage of the area harvested
manually decreased from 93.88% in season 2001/2002 to
29.08% in season 2006/2007.
Labor wages for sugarcane harvesting was 13.699 SDG,
while it was only 7, 17 and 5 SDG for Dura, Sesame and
Ground–nut, respectively.
The annual cutting labor earning covers only 49.8% of the
standard living that is estimated by the World Bank. This im-
plies that labor is under paid in sugarcane farm, keeping in
mind that cutting sugar cane is a physical exhausting task that
demands a high level of muscular strength and resistance.
Accordingly labor prefers working in sesame and other crops
as well as different jobs in town rather than cane cutting.
3.2.2. Mechanical loading cost per hour
Mechanical loading ﬁxed cost /hour was found to be
12.55 SDG (30.7 % of the system cost/h), while the variable
cost was 28.35 SDG (69.3% of the system cost/h). The higher
contribution of the total hourly cost was the repair and main-
tenance cost which represents about 32% of the total cost, and
46% of the total variable cost, this could be attributed to the
use of 55% of the total machine number behind their estimated
life span (10 year).
Table 6 Manual vs mechanical harvesting costs (SDG/ton,
SDG/Faddan).
Unit VC TC
Manual cane cutting (SDG/ton) 5.58 5.58
(SDG/Fad) 219 219
Cane loading (SDG/ton) 2.36 3.4
(SDG/Fad) 93 134
Manual harvesting-sub total (SDG/ton) 7.94 8.98
(SDG/Fad) 312 353
Mechanical harvesting (SDG/ton) 2.64 4.95
(SDG/Fad) 111 208
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The results revealed that the total cane cut manually in season
2006/2007 was 261096.41 ton and actual working days are
173 days out of 176 days, with an average daily output of
1509.22 tons which contributes 23.2% of the total mill quota
per day. The average cane cutter output per day was
3.31 ton. For mechanical loading the total working machine
– Cameco loader – was 9 units with total actual working hours
of 21,733 h which represent 67% of the total available working
hours (21 h/unit/day). The average output per unit per hour
was found to be 12.01 ton. Manual cutting cost (SDG)/ton
cane was found to be 5.58 SDG while the mechanical loading
cost was only 3.4 SDG.
Thus, the cost of ton of cane manually cut and mechani-
cally loaded amounted up to 8.98 SDG (US $ 4.38/ton) this
cost was higher than the cost in Kenana (US $ 1.354) for man-
ually cutting and mechanically loaded cane using R-6 cameco
continuous loader (Mohammed, 1995), and US $ 4.3/ton in
Egypt (Nour and Allam, 1989).
3.2.4. Manual cost vs mechanical harvesting cost
It was found that the actual daily crushing cane including fac-
tory stoppage (24 h) was found to be 5373.8 ton corresponding
to 82.7% of the total design crushing capacity per day
(6500 ton/day). The mechanical harvest was found to be
3864.7 ton/day representing the highest contribution percent
in total crushing cane per day (71%) while manual harvest rep-
resents 29%.
The results revealed that manual harvesting was more
expensive (8.98 SDG which equivalent to USA $ 4.38.) than
mechanical harvesting (4.95 SDG=USA $ 2.41.) (Table 6).
The variable cost contributed the highest percentage in both
harvesting systems cost, where it contributes 88.4% and
53% of the total cost for the manual and mechanical har-
vesting systems respectively. The highest contribution of
the variable costs in manual harvesting was mainly due to
the highest contribution of the labor cutting cost, which rep-Table 7 Manual harvesting losses vs mechanical losses (Cane ton/F
Manual Harvesting
Cane ton/fed As % of tota
Attached cane 0.12 6
High-cut cane 0.27 14
Fallen cane 1.15 59
Low-topping cane 0.42 21
Total losses 1.85 100resents 70.2% of total variable cost and 62.1% of total man-
ual harvesting cost.
The cost of harvesting one Faddan was found to be SDG
352.99(USA $ 172.2), 197.63 (USA $ 96.40) for manual and
mechanical harvesting respectively.
It could be concluded that increasing mechanical harvesting
area and reducing of manual harvesting area will result in
decreasing the total cost of harvesting in Sugarcane factories
in Sudan.
3.3. Manual vs mechanical harvesting cane loading tonnages/
trailer
A hundred trailers were randomly taken from different trailers
loaded with manually and mechanically harvested canes and
then weighted. The results showed that there was a signiﬁcant
difference between average weights per trailer for manual
(6.88 ton/trailer), and mechanical harvesting (9.54 ton/trailer).
The weight (ton/trailer) of the manual harvesting represents
only 69% of the mechanically harvested cane. This reﬂects that
mechanical harvesting had an advantage over manual harvest-
ing. Moreover, the delivery rate was the most important factor
determining daily tonnage (the hourly mill requirement cane
according to the factory designed capacity was 270.83 ton/h),
and the season length. High weight per trailer especially to
whole stalk cane, depends mainly on the operator skills and
the erectness of the cane stalks.
3.4. Manual harvest losses vs mechanical losses
In this section cane losses categories namely: attached cane;
high cut cane; fallen cane; and low-topping cane for both har-
vesting systems were estimated and discussed.
The t-test analysis showed that there is no signiﬁcance dif-
ference between the two harvesting systems (manual and
mechanical cane harvesting) with regard to the overall inﬁeld
losses (Cane tone/Faddan) as well as to different cane losses
categories with exception of the low-topping cane category.
Manual high-cut cane resulted in cane losses amounted to
0.27 ton/fed (14% of the total system losses and 0.64% of
the potential yield) while mechanical harvesting losses were
found to be 0.25 ton/fed (13% of the total system losses and
0.55% of the potential yield).
Comparing this result with other ﬁndings in Kenana where
it was reported that losses due to high cut cane in Kenana esti-
mated to be 3.3% and 2.8% of the potential yield for manual
and mechanical harvesting, respectively Mohammed (1995).
The reason for the lower losses in this study compared to other
studies may be ascribed to an improvement in manual and
mechanical harvesting management.addan).
Mechanical Harvesting
l losses Cane ton/fed As % of total losses
0.34 18
0.25 13
1.10 60
0.16 9
1.95 100
166 A.E. Ahmed, A.O.M. Alam-EldinAttached cane represents the long cane left attached to the
root system. Mechanical harvesting showed a higher attached
cane losses (0.34 ton/fed, 0.8% of the total potential yield)
compared to that of manual harvesting (0.12 ton/fed, 0.2%
of the total potential yield).
The fallen cane losses represent the highest percent of the
total inﬁeld losses in both harvesting system where it amount
to about 60% of the overall inﬁeld losses (Table 7). The man-
ual harvesting showed a higher low topping cane losses
(0.41 ton/fed, 21.29% of the total system losses and 1% of
the potential yield.) than mechanical harvesting (0.16 ton/fed,
8.69% of the system losses and 0.36% of the potential yield).
The values of the inﬁeld losses amounted 386 and
368 SDG/Faddan for manual and mechanical harvesting,
respectively.
3.5. Trash percent
There was a highly signiﬁcant difference in trash percent be-
tween manual and mechanical harvesting systems. The cane
delivered to mill for processing, had 3.37 and 10.04 trash per-
cent for manual and mechanical harvesting, respectively. The
main advantages of manual harvesting are related to low levels
of extraneous matter.
For mechanical harvesting the trash percent was found to
be 10.04% (ranged between 5.84% to 16.86%) and 3.66%
(ranged 2.76–8.5%) for manual harvesting .The higher per-
centage of trash in cane delivery tends to increase the length
of the milling season, and as a result transportation cost will
increase. The mechanical harvesting had an advantage on the
weight of the trailer (10.07 ton/trailer) over the manual har-
vesting trailer weight (6.10 ton/trailer).The trash percent as
mentioned above indicates that in each cane loaded trailer
about 0.95 ton , 0.25 ton of trash (extraneous matter) was
transported to the factory by mechanical and manual harvest-
ing, respectively.
To determine the affect of trash or extraneous matter on
the milling processing, a trial was made to do analysis for cane
with trash and clean cane in the factory laboratory, but the
trial failed as the equipments for such analysis was not in
working condition. Also an idea was discussed with factory
manager to do a trial for the effect of trash by milling pure
manually harvested cane with less trash for a period of 2–
3 h, and take all the analysis for the juice, bagasse and so, to
assess the milling performance with such low trash percent
and repeat the same with higher trash percent as with mechan-
ical harvesting to access the difference, but this was technically
impossible.
The result showed that 1% increase of trash or extraneous
matter causes a reduction of 0.1% in sugar recovery.4. Conclusions
Based on the above ﬁndings and discussion it could be con-
cluded that Sennar Sugar Factory as well as in other sugarcane
factories in Sudan could go for increasing sugarcane mechan-
ical harvesting and reduce the manual harvesting to less than
10% of the total area. The specialized cane cutter labor should
be employed in other agricultural operations during the off-
season to insure their availability at the start of the season.
A further research is needed to reduce the inﬁeld cane losses
and trash percent and to determine their effect on cane quality
and factory performance for the two harvesting systems.
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